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osteoclasts distinctly, resulting in separate osteoclast phenotypes.
Since bone formation is coupled to bone resorption, the multi-
layered osteoclast phenotype and quality may be related to bone
turnover and bone quality, which could prove important for the
pathogenesis of OA.
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Purpose: Various inﬂammatory cytokines and proteases are in-
volved in the initiation and progression of osteoarthritis (OA).
We previously reported that the expressions of matrix metallo-
proteinase-13 (MMP-13) and interleukin-6 (IL-6) were augumented
in OA subchondral bone. The purpose of this study was to inves-
tigate the effects of hyaluronan (HA) and mechanical stress on
osteoblasts isolated from OA subchondral bone.
Methods: OA subchondral bone from the distal end of the femur
was harvested from 9 patients at total knee arthroplasty. The
subchondral bone underlying the degenerated articular cartilage
was cut into small pieces and incubated in DMEM for 3 weeks,
and then osteoblasts were isolated.
Subchondral bone osteoblasts (SBOs) were cultured with DMEM
conraining 30% ﬂuorescent labeled HA for 48 hours and washed
twice with PBS. The monolayer cultured cells were observed with
a ﬂuorescence microscope. As control, SBOs cultured without
ﬂuorescent labeled HA was used.
SBOs were divided into 4 experimental groups. Control group:
cultured without stimulation, HA group: incubated with HA (1000
mg/ml, 48 hours), IHP group: applied intermittent hydrostatic pres-
sure (IHP) (1/2 Hz, 5 MPa, 60 minutes), and HA+IHP group:
incubated with HA followed by IHP. Total RNA were extracted
and mRNA expression was examined by real-time RT-PCR for
MMP-13 and IL-6. In control group and HA+IHP group, culture
supernatant was harvested 24 hours after the application of HA
+ IHP, and concentrations of IL-6 and MMP-13 were measured
using an enzyme-linked immunosorbent assay (ELISA). Values
were analyzed statistically by Tukey-kramer’s test and paired t-test
and a p value less than 0.05 was considered signiﬁcant.
Results: In the ﬂuorescent labeled HA group, ﬂuorescence was
observed in the area of cytoplasm but not in nuclei 48 hours after
the administration.
The mRNA expressions of MMP-13 of the each group compared to
the control group were 101±18.2%, 89.3±14.1% and 51.2±7.5%
respectively, indicating that MMP-13 expression in the HA + IHP
group signiﬁcantly decreased compared to those in the control
group and in the HA group.
The IL-6 mRNA of the each group were 76.6±11.9 %, 73.2±10.5%
and 54.0±18.3%, indicating that IHP treatment and HA + IHP
treatment signiﬁcantly suppressed the IL-6 mRNA.The production
of MMP-13 and IL-6 were 51.3±11.6 (pg/ml) and 70.8±25.6 in
the control group. In the HA + IHP group, they were signiﬁcantly
reduced to 53.9±25.6 and 45.2±11.1.
Conclusions: The role of subchondral bone attracts attention
in the onset and/or progression of OA. It was reported that HA
inﬂuences metabolism in subchondral bone, and that subchon-
dral bone becomes more compliant and thereby reduces cartilage
stress. However, the mechanism of the inﬂuence of HA on sub-
chondral bone remains unclear. In this study, HA was exposed
to osteoblasts, and the enhanced expressions of MMP-13 and
IL-6 in OA osteoblasts were signiﬁcantly suppressed by HA in
combination with IHP. In the natural course of OA, a resorption of
subchondral bone was documented in the early stage of OA and
was considered to take an important role in the progression of
the disease. In OA, neovascularization between cartilage and sub-
chondral bone is observed while tidemark disappears. Therefore,
intra-articular injected HA could reach the subchondral tissue. The
results in this study suggest that intra-articular injection of HA
in combination with appropriate exercise could suppress MMP-13
and IL-6 expressions in subchondral bone, which may prevent
abnormal metabolism in osseous tissue in OA.
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Purpose: While increased subchondral bone thickness has been
well described in knee OA, changes in periarticular cortical bone
in OA patients have not been previously examined. The purpose
of this study is to investigate the association of cortical bone
thickness at proximal tibia in knee OA with varus deformity.
Methods: The Matsudai Knee OA Survey is a historical cohort
study, which was conducted to investigate the risk factors of
the disease in a rural Japanese population. We have conducted
an extensive the survey in Matsudai town Niigata city, Japan
since 1979. Matsudai knee OA survey was performed every 7
years. In this survey, check-up included an interview, physical
examination, anteroposterior standing radiographs of both knees.
OA was deﬁned as being present in a knee if radiographic grade of
2 or higher with Kellegren and Lawrence (KL) scale were detected.
Mal-alignment was determined according to the femoro-tibial angle
(FTA), and subjects were grouped into higher and lower FTA by
median FTA. In this study, we describe the cross-sectional data
collected from the 4th (2000) survey, which included 1260 people
(396 men and 527 women). Both medial and lateral cortical bone
thicknesses at proximal tibiae and femora were measured using
computer image analysis. Cortical bone thickness was compared
with KL grades, FTA groups (higher and lower groups divided
median FTA), BMI (4 groups of quartile).
Results: In female, both medial and lateral cortical bone thickness
of femur and lateral side of tibia decreased with age, but the medial
cortical thickness was not decrease with age. In male, only lateral
cortical thickness was decrease with age. Cortical bone thickness,
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especially in female, was generally decreased with age except
medial cortical thickness of tibia. According to OA grade, medial
cortical thickness in female was signiﬁcantly higher with higher KL
grade (p<0.01) and with higher FTA (p<0.05). Both lateral and
medial cortical thickness of femur and lateral part of tibia did not
change with OA grade in female. Interestingly, the same associa-
tion was not observed in male. Higher FTA group exhibited thicker
medial cortical thickness in proximal tibia in female (p<0.05).
Higher BMI is associated with thicker cortical bone in both lateral
and medial part of femur as well as tibia in male. In female, higher
BMI was only associated with thicker medial cortical bone in both
femur and tibia.Eckstein et al proposed ‘’functional adaptation” in
subchondral bone area, indicating larger medial subchondral bone
area highly relate to varus deformity.In current study, thicker me-
dial periarticular cortical bone is highly related to varus deformity,
suggesting another functional adaptation in periarticular bone.
Conclusions: This study demonstrates that radiographic OA pro-
gression and varus deformity are associated with local thickening
of medial cortical bone of proximal tibia in female not in male. We
suggest that excess mechanical stress through varus alignment
may inﬂuence abnormal bone remodeling on medial cortical bone
in female. In male, cortical thickness was strongly affected by BMI,
not OA grade nor varus alignment. These results suggest that bone
metabolism differently inﬂuence in male and female knee OA.
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FERUMOXIDES-PROTAMINE SULFATE IS MORE EFFECTIVE
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Purpose: Cell based techniques for effective cartilage repair are
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currently under extensive investigation. To verify the safety and
efﬁcacy of such therapies it is necessary to determine the fate of
these implanted cells. Cell labelling using superparamagnetic iron
oxides (SPIOs) provides the possibility for non-invasive in vivo cell
tracking using magnetic resonance imaging (MRI). Ferumoxides
and ferucarbotran are two SPIOs currently in use, and FDA ap-
proved as MRI contrast agents. Both SPIOs have already been
used clinically for the purpose of cell labeling and -tracking in a
few isolated cases. These studies report the tracking of different
cell-types in regional lymph nodes, brain and liver. For clinical
application, an effectively and speciﬁcally labeled cell preparation
is highly desired (i.e. a high amount of intracellular iron and a
negligible amount of extracellular iron). We compared ferumoxides
and ferucarbotran for labeling the two cell-types most widely used
in cartilage repair: human bone marrow stromal cells (hBMSCs)
and chondrocytes.
Methods: hBMSCs and chondrocytes were labeled using
ferumoxides-protamine sulfate complexes or ferucarbotran. La-
beling protocols for either approach were based on previously
reported protocols. In short, cells were incubated for 24 hours
using a SPIO dose of 100 μg per well of a 6-well plate. After
incubation, cells were trypsinized and evaluated according to the
following outcome parameters: labeling efﬁciency, total iron load
(TIL), and intra- and extracellular iron load. TIL of labeled cells
was measured using inductively coupled plasma - optical emis-
sion spectrometry. Other outcome parameters were based on light
microscopy evaluation of labeled cells, which were stained using
Perl’s iron stain. In order to evaluate the intra- and extracellular
iron load, cells were scored using a semi-quantative method in
which the intra- and extracellular iron was graded on a four-point
scale.
Results: Ferumoxides-protamine and ferucarbotran labeling of
both cell types showed a labeling efﬁciency ranging from 89.2
- 99.8%. Ferumoxides-protamine labeled cells showed a higher
TIL (75.9 - 89.6 pg/cell) compared to ferucarbotran labeled
cells (28.1 - 51.3 pg/cell). Furthermore, ferumoxides-protamine
showed a higher percentage of cells containing an intermedi-
ate to high amount of intracellular iron (64.2 - 96.9% vs 21.9 -
45.6%) compared to ferucarbotran (Figure 1A, B). Simultaneously,
ferumoxides-protamine labeling resulted in a lower percentage of
